persive X-ray spectrometer and an a d d i t i o n a l backscattered e l e c t r o n signal d i g i t a l i z a t i o n system, can a l l o w r a p i d s i z i n g and major element analysis on numerous p a r t i c l e s . A software package has been developed t o e x p l o i t the p a r t i c l e s i z e and shape information t o achieve q u a n t i t a t i v e analysis o f s i n g l e p a r t i c l e s , and t o compare the performance o f t h e d i f f e r e n t m a t r i x c o r r e c t i o n procedures.
I n the i n c r e a s i n g l y important f i e l d o f p a r t i c u l a t e m a t e r i a l analysis e l e c t r o n microprobe X-ray microanalysis (EPXMA) can o f f e r a good precision, h i g h speed and wide elemental range. New commercially a v a i l a b l e systems i n combination w i t h EPXMA can now automatically l o c a t e and s i z e up i n d i v i d u a l p a r t i c l e s by making use o f the backs c a t t e r e l e c t r o n signal, and subsequently analyse them v i a energy-dispersive X-ray detection. However, the analysis r e s u l t s were h i t h e r t o q u a l i t a t i v e only. I n t h e present study, a computer a l g o r i t h m has been developed t h a t makes use o f the s i z i n g information t o c o r r e c t the measured X-ray i n t e n s i t i e s automatically f o r the p a r t i c l e m a t r i x effects. This new software package was successfully tested. I t s implementat i o n leads t o f u l l y computer c o n t r o l l e d s i z i n g and q u a n t i t a t i v e elemental analysis o f i n d i v i d u a l p a r t i c l e s .
EQUIPMENT
Partricneswere sized and analysed w i t h a JEOL JXA-733 e l e c t r o n probe X-ray microanal y z e r , equipped w i t h t h e TN-2000 energy-dispersive X-ray d e t e c t i o n system o f Tracor Northern and two MTll tape u n i t s . The r e s u l t i n g spectra, w i t h t h e corresponding p a r t i c l e s i z i n g data, were t r a n s f e r r e d v i a magnetic tapes t o a VAX 11/780 mainframe computer, w i t h software developed a t t h i s l a b o r a t o r y f o r processing.
AUTOMATED SIZING AND QUANTITATIVE ANALYSIS -I n the p a r t i c l e detection and s i z i n g r o u t i n e the e l e c t r o n beam scans t h e t a r g e t . surface. A p a r t i c l e ' i s "detected" when the d i g i t a l i z e d backscattered e l e c t r o n signal exceeds a chosen threshold. The path l e n g t h during which t h e signal exceeds the threshold i s i n t e r p r e t e d as one diameter o f t h e p a r t i c l e . The mean diameter o f the p a r t i c l e i s the average r e s u l t o f 16 d i f f e r e n t l y o r i e n t e d cross-section measurements. The f i n g e r p r i n t o r energy-dispersive X-ray spectrum o f the p a r t i c l e i s accumulated w i t h the e l e c t r o n beam positioned i n t h e centre o f t h e p a r t i c l e .
To derive q u a n t i t a t i v e data the spectrum should f i r s t o f a l l be deconvoluted. The importance o f t h i s step i s very o f t e n overlooked i n automated f e a t u r e a n a l y s i s a lg o r i thms. For example, differences between X-ray i n t e n s i t i e s outputted from the powerful AXIL-program (Analysis o f X-ray spectra by I t e r a t i v e Least-squares f i t t i n g ) developed i n t h i s l a b o r a t o r y / l / , and the i n t e n s i t i e s c a l c u l a t e d by the peak deconvoluArticle published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19842179 t i o n r o u t i n e s already present on the system (which are based on the f i l t e r i n g p r i n c ip l e ) amounted t o 21 % f o r Na and 16 % f o r C1 f o r a simple NaCl spectrum, where peak i n t e r f e r e n c e overlap i s absent. It i s obvious t h a t those e r r o r s are r e f l e c t e d i n the f i n a l r e s u l t s . Since, however the AXIL peak deconvolution r o u t i n e implies a s i g n i f i c a n t c a l c u l a t i o n time, i t was decided n o t t o use t h e LSI 11/23 computer avail a b l e w i t h t h e EPXMA instrument and t h e operating system. Instead, the X-ray spectrum o f each l o c a l i z e d and sized p a r t i c l e i s t r a n s f e r r e d t o a tape medium together w i t h p a r t i c l e s i z i n g information. A f t e r completion of the t o t a l sample f i e l d search w i t h t h e microprobe, a l l the raw spectra are deconvoluted o f f -l i n e on a VAX 11/780 computer, using the AXIL-program.
I n the next step one has t o convert peak i n t e n s i t i e s t o weight f r a c t i o n s , w h i l e t ak i n g i n t o account t h e well-known p a r t i c l e m a t r i x e f f e c t s : varying a n a l y s i s volumes, p a r t i c l e dependent X-ray path lengths and X-ray absorption e f f e c t s , e l e c t r o n sides c a t t e r e f f e c t s and secondary fluorescence by c h a r a c t e r i s t i c and continuum r a d i a t i o n .
To c o r r e c t f o r t h i s m a t r i x e f f e c t s t h e modified ZAF-version
where A . = area o f the p o r t i o n o f t h e e l e c t r o n be, am passing through the top surface o f the p a r t i c l e a = v e r t i c a l thickness o f the p a r t i c l e @(pz) = X-ray production function, depending on the d e n s i t y pand l i n e a r depth z ( I n our procedure t h e @(pz) equations o f B a s t i n e t al./6/are used)
p = 1 i n e a r absorption c o e f f i c i e n t o f the considered r a d i a t i o n D = h o r i z o n t a l diameter o f the p a r t i c l e g (px, py, pz, D) = e f f e c t i v e path length f u n c t i o n
For the two inner i n t e g r a t i o n s (over px and py) Armstrong and Buseck/2/ derived general expressions f o r d i f f e r e n t p a r t i c l e models, i . e . geometrical p a r t i c l e types. However, the t o t a l i n t e g r a l cannot be converted t o a closed form solution. Hence a numerical i n t e g r a t i o n has t o be performed over pz. This necessitates again the use o f a f a s t computation system l i k e the VAX 11/780. Inspection o f e q .
( l ) reveals t h a t t h i s m a t r i x c o r r e c t i o n depends on t h e p a r t i c l e diameter, d e n s i t y and thickness,and t h e model used. Therefore automatic procedures have t o be developed and t e s t e d t o accound f o r these unknown f a c t o r s .
Since the average p a r t i c l e diameter i s known from the s i z i n g step, o n l y three parameters remain t o be treated. F i r s t l y , t h e d e n s i t y of the p a r t i c l e can simply be obtained by weighting the densit i e s of the pure elements ( o r corresponding oxides) according t o t h e i r concentrations. A simple t e s t f o r t e n common randomly selected geological materials, such as a l b i t e , diopside, s p i n e l , etc., revealed t h a t t h e r a t i o between c a l c u l a t e d and r e a l density amounts t o 0.998 _+ 0.084.
This procedure i s q u i t e s a t i s f a c t o r y ; indeed the densi
Secondly t h e thickness of the p a r t i c l e should be derived on an automated basis. Since t r i a l s t o use an independent automatic procedure (observation of t h e X-ray production y i e l d as a function of p a r t i c l e thickness)did not give any successful r e s u l t s a s y e t , i t was decided t o adopt the a b i t r a r y approach of Armstrong and Buseck/2/. They assumed t h a t p a r t i c l e s will eventually find a most s t a b l e position on t h e i r l a r g e s t surface. Hence t h e vertical thickness will be smaller than the automatically measured diameter. Armstrong and Buseck supposed t h a t a p a r t i c l e thickness-to-diameter r a t i o of 0.5 would be most useful in t h e p a r t i c l e analysis procedure/2/. The t h i r d unknown f a c t o r i s the p a r t i c l e model, which influences the e f f e c t i v e path length function g in e q . ( l ) . Armstrong and Buseck/2/calculated g-functions f o r the following models: f l a t -t o p group ( r i g h t rectangular prism, tetragonal prism, cylinder), peak-top group ( t r i a n g u l a r prism, square pyramid), rounded ton group (hemisphere, sphere). Up t o now t h e only information t h a t the automatic sizing s t e p y i e l d s with respect t o t h e p a r t i c l e model i s defined as the projected p a r t i c l e area divided by n/4-times the square of the average horizontal diameter. Since t h i s f a c t o r only r e f l e c t s t h e two dimensional projected shape of t h e p a r t i c l e , i t is not possible t o automatically discriminate between the d i f f e r e n t p a r t i c l e models. The criterium t o observe t h e c h a r a c t e r i s t i c X-ray variation, o r t h e d i g i t a l i z e d topographic backscatter signal, across a p a r t i c l e and s e l e c t automatically a s p e c i f i c p a r t i c l e model based on t h i s variation, i s s t i l l under investigation. Table 1 shows the average r e s u l t s obtained from the automated EPXMA-analysis of 70 spherical glass p a r t i c l e s (NBS standard # 610), with diameters ranging from 2.5 t o 14 pm, when various conventional ZAF-correction algorithms a r e applied and f o r the modified p a r t i c l e ZAF correction with d i f f e r e n t assumed p a r t i c l e models. When one compares the r e s u l t s obtdined via the d i f f e r e n t ZAF-corrections t o the real value, i t appears hard t o recommend one p a r t i c u l a r procedure, because there i s nearly no difference between the r e s u l t s . All the procedures t e s t e d indeed represent a dramatic improvement compared t o t h e use of uncorrected normalized X-ray i n t e n s i t i e s . Of the p a r t i c l e models, the rounded top model doesnotyield the best r e s u l t s . The reason f o r t h i s i s probably in the f a c t t h a t a spot mode was used during the p a r t ic l e analysis. The electron beam h i t s a small part of the surface and t h e assumpt i o n s of Armstrong and Buseck in the algorithm a r e not t r u l y f u l f i l l e d . Since the computer software f o r a l l the models has duly been implemented now, i t will straightforwardly be possible in t h e near f u t u r e t o evaluate the various procedures f o r p a r t i c l e analysis by studying p a r t i c l e s of much smaller s i z e . A r a s t e rscan o r star-scan will be used during analysis t o give more r e l i a b l e information about the X-ray i n t e n s i t y f o r a certain p a r t i c l e shape. 
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